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(71) We, Aixor CoBPORAnoH, a Cor- 
poration organized and existing under the laws 
of the State of Massachusetts, United States 
of America, of The Gary Bidding, 4, Maple 
Street; Qmucy, Massachusetts 02169, United 
States of America, do hereby declare die in- 
vention, for which we pray that a Patent may 
be granted to us, and the method by which it 
is to be performed, to be particularly described 
in and by the following staremcnti 

The present invention relate to colloidal 
compositions, and in a pr e fe rred fmlwlirn nif 
co such expositions which have been 
madjatcd, and methods of preparing the same 
These compositions are particularly directed to 
balling bacteria addvinses frying irrita- 
tion; "irradiation" being used to ex- 
citing or charging by ultraviolet, gamma rays, 
X-rays, beta partides, ooHroas, protons, 
deuterons and the Eke, but not long wave- 
taigth cteromagnetac waves; the irradiated 
substances and compamds of the mvention, 
however, having no detectable residual radio- 
activity. 

Wmle the an is replete with bactericides and 
diseaseKuring compounds of a wide variety of 
types, they all have limitations and disadvan- 
tages that restrict their safe or rfB^rn'm 
usage. As an ilhstranon, m-cresoJ bacteri cide, . 
widely used in hospitals and the like for dean • 
rooms and to prevent coutammarion, requires 
a sufficiently strong concentration to be effec- 
tive that it becomes irritating to the skin 
Rather large doses of X-ray and other radia- 
tion have also been employed for bacteria and 
virus-killing and cancer and other disease* 
t rtAft u fnt or -coring purposes; but again such 
treatment is fltrrndant upon disadvanrages, in- 
chiding high radiation damny 

As explained in U.S. Application, Serial 
No. 749441, underlying the present mvention, 
in a preferred rmhodimrnt thereof, in sum- 
mary, is the discovery that a small 

CQoxcsrra— 

unn, but above a second tower Krcfit, of 



uradiated colloidal particulate heavy metals, 45 
appropriately combined in a suitable carrier, 
can accomplish remarkable bactericidal, 
mriratiau-clssiparing and similar curative rune- 
dans in such low cunixntrarions as to itself be 
nor^taring, and, unlike X-rays, free of 50 
radioactivity and otherwise harmi^ to tissue 
and the like. 

An object of the invention, accordingly, is 
to provide a new and improved irradiated com- 
position and method or process of preparing 55 
and using the same that shall attain the above 
and other advantages. 

Other objects are to provide novel noble 
heavy and transition metal of bacteri- 

cidal and "^'nnal efficacy. 60 

Other and further objects will be herein- 
after set forth. 

The invention will now be described with 
reference to the accompanying drawing, Fig. 
1 of which is an experimentally ob tained 65 
graph illustrating the critical concerararioo dis- 
covery underlying the preferred form of the 
mvention ; and 

Fig. 2 is a similar graph showing the relative 
kffl efficacy upon itaphrfococau aureus, 70 
achmchea colt and h. ntbt&s of a number 
of heavy and transition metals exhibiting die 
phenomenon underlying *»rfr discovery. 

That discovery inriurVs the GnAty that at 
very small concentrations, but above a second 75 
lower limit, colloidal particulate heavy and 
transition metals, such as the noble metals 
w p ^ Cu, Cd, Re, Ti, Zr, 

Mo, Mn, Os, Ir, To, Pr, Ce, Th, Pa, U, Hf, 
w > Y» Zn, Hg (and to rather minor extents Fe 80 
and Co) — all hereinafter generically referred 
to as the heavy and transition mrtnh> the bulk 
of the metal present bemg in the form of 
colloidal panicles in major proportion from 
10 s -* to if/-* cm to ^ p^^^^ ^ gj 

results before sutnmarized; while lesser or im- 
mediately greater concentrations do not func- 
tion to achieve such results. As before stated, 
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ulna- violet, and riftTrnniagriPfic radiation 
gQiarators, for example of g OT|Tma and X-rays, 
have been found to be effective rariioarrryamrs 
or irradiators fox the purposes of the nrvennoD; 
5 while dectron^agnetic rarKation of longer wave- 
length tfe>« ultraviolet rays was not round to 
be effective. 

Example I 
A colloidal silver sospcnsioD in a non- 
10 reactive water carrier sedation, in which the 
particulate silver concentration is about 1-5 
x 10~* grams per cubic miiiiitflie (or about 
0.15% by wright) and the sDver is inadiated 
as by a source of gamma radiation, has been 
15 found to provide remarkable bacterrridal pro- 
perties despite the ffifrfo™^ proportion of the 
sflver. 

Example LT 
A suspension is prepared as described in 
Example I and the sOver is irradiated by 

20 X-ray radiation instead of by a source of 
^imiTw radiation. 

Referring to Figure 1, the speed of reaction 
on staphylococcus aureus . hflftma is plotted 
along the ordinate in unks of colonies de- 

25 stroyed per r n fr i |, T p: 1 as a function cf conccotn*- 
tzon of the silver ion, plotted in units of 10""* 
grams per cubic centimetre along the abscissa. 
From *frp«a» experimentally obtained data, it is 
evident that the before-mentioned concentra- 

30 tion of about 13 x 10"* grams per cubic 
centimetre is a critical and highly unexpected 
optimum concentration; lower concentranons, 
such as one-third the ga ?T H * J ^>" n g inefficacious, 
as are higher anuxnirarions, such as twice as 

35 much or greater. This critical conaxuratioo- 
destruction efficacy, moreover, was found to 
coincide also, with what might be trrmfrl .the 
measured optimum Kyn'yvtfon constant (which 
involves the amount of freely condnctrve silver 

40 ions and the wig*"""*" chemical activity or 
optimum conductivity in a distilled water solu- 
tion). 

Using the standard Frost little Plate 
method, a method at inspecting colonies of 



harfrria with a phase microscope and thereby 45 
observing breakdown of ceil walls, a 50% kill 
of staphylococcus aureus was obtained with the 
above solution in about 4 minutes; and a 95% 
kill, m about 6 imnnteSi 

As still another iUistration with a different 50 
bacterium, said sohman produced a 50% loll 
of staphylococcus aJbxis in 7 minutes; and a 
95% kill m about 9 minutes. 

It is to be observed, moreover, that this 
rnioiscule colloidal particulate irradiated silver 55 
concentration is entirely harmless and non- 
irritating to the skin and free of radioactivity; 
and yet is comparable in its bactericidal pro- 
perties to, for example, the widely used 
m-cresol, which, to the contrary, must be used 60 
in such strong concentration to be effec t i ve, 
that it is decidedly immting to the user, and, 
inrfffri, precautions must be taken to prevent 
prolonged skin contact with the same. 

It has further been found that the irmd'V 65 
tion source, if of gamma rays or the Hke, need 
not exceed substantially 13 nticroenries to 
produce the desired efficacious product. 



Example LTI 
A silver chelate, formed with die alkaloids 70 
of the strychnke^famfly (str ychnine , brudne) 
or with a reserpine alkaloid in a non-toxic, 
non-reactive carrier solution have also been 
found most effective for the above and other 
purposes. At least port of the silver, in such 75 
concentration, remains dissociated from the 
chelate in colloidal, particulate form, whb'ch is 
believed to be the reason for its efficacy. The 
subsuuitial piai ' nT Hi g nT of the parti cula te un- 
dustered form is thus of importance, SpodS- 80 
caUy, a chelate of silver and stryi mane , brudne 
and reserpine alkaloids, (the metal chelate ion 
frnng present in about the same befor^meo- 
tioned concentration of 1.5 x 10~° grams 
per cubic centimetre) onmhinrd m a water 85 
carrier was found to produce a slightly higher 
speed of kill as follows: 



50% kill 
95% kill 



Staphylococcus Aureus Staphylococcus AJbus 



3.5 mm 
5.5 min 



6.2 min 
8,4 min 



Example IV equal and about twice that of the reserpine 

90 As still a further fflustration, wkh the last- alkaloid. In addition, the effective riraring up 

mentioned chelate present in a concentration of of acne and psoriasis has also been observed 

about 140 parts per million in an inert, non- with this compound. Further, skin irritations 100 

reactive corn starch-water emulsion, similar (effected by needle stroking without leaving 

bactericidal effects have been observed. In this time for healing) that have been observed 

95 chelate ccanpound, the proportions of the normally to develop skin cancer tumours 

strychnine and brudne alkaloids were about (sarcoma) on guinea pigs, when periodically 
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covered by this compound (and despite con- 
tinued needle stroking)^ progressively healed 
snffidently that aO indicia of the sarcoma dis- 
appeared Other cunasuxEt heating effects have 
been observed. 

Additional non-toxic systemic and topical 
earners, nan-reactive with the said critical cno- 
cenuanon of radio-activated colloidal heavy 
metal being used fix. the silver, copper, gold 
or rhenium or other «mfl«r heavy ox transi- 
tion-type metal before listed, for example), 
have also been thus successfully employed, in- 
cluding ethanoJ, denamred with hrucme; inert 



mineral cD; and an emulsion derived from 
borax and an aqueous soMon. 

Aaexpermentally Q^rrrrnrrrri enmparisoo 
between the pamoihue silver obtained from 
the silver chelate water solution (ohnmola- 
mradiated and in the approximately IS x 10~° 
grams per cubic centimetre aacearrataon) and 
a 6% solution of presently widely used hexa- 
chlorophene, showed the marked baonicidal 
supenonty of the cmnposmon of the inven- 
tion for several gram negative and positive 
baccara, as foOows: 



15 



20 



Staphylococcus Attraa 
Staphyloecoaa AJbut 
Escherichia Cob' 
P. Aeruginosa 
Candida Albicans 
Neisseria CatarrftaHs 



^ p " r hlw rt p^p"" 



after 

5 rmnntes Maximum kill 



50% 
57% 

58% 
70% 
«% 
53% 



84%-tthr 
»%— tthr 
100%- 6 hr 
100%— 25 mm 
»%-48hr 
100%-5 hr 



Silver rh^io** 
of Invention 



%fcn 

after 

5 minutes Maximum kill 



«% 
79% 

88% 

85% 

00/ 



50% 



100%— 8 rain 
100%— IOmin 
100%— lOmin 
100%— 8 coin 
100%-3Omin 
100%— !0inm 
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40 



45 



50 



The finely divided colloidal particles in the 
substances and compounds of the inventioa 
have been round to have a large number (in 
fact, in some intasuremenis, 50% or more) 
of separate parades of size range between 
substantially 10^ end \(T* cm, (in some- 
measurements the average size being in this 
range), which are believed to be important for 
the cell penetration or other effects heroin 
involved Similarly dimoi'rinnrd iher particles 
alone, not derived from chelates, but irradiated 
with X-rays (gammaX as before described, have 
also been found to produce nihcf^^ i bacteri- 
cidal and healing effects; to wit, such irradiated 
colloidal silver m water solution in the above- 
mentioned concentration produced a 93% kill 
of staphylococcus aureus in five minutes, and a 
91% kill of staphylococcus atiws in the same 
period with 100% kiH hi about ten 
This is as compared with only relatively slight 
lolls for the same silver colloidal particles, nno- 
irradiated — which, though of some use in 
certain applications, are not nearly as 
efficacious as the irradiated particles. 

Similarly, each of, for example, irradiated 
copper, gold, platinum, iridium, w^mpm^ 
and rhenium colloidal parades of the same 
size rang*, have been proven effective as 



bacteriddes^ producing kills of the same above- 
listed bacteria. Theoretically this would appear 
to apply to all heavy and transition-type 
nietaJa, so prepared, though the efficacy will 
vary with the elrmra L Substantially the nm r 
approximately 1J x 10~° grams per cubic 
centimetre low-concentration optimum constant 
of the silver particles, for example, was found 
to exist for gold, rhenium and copper colloidal 
pamdes, with gold being *™*»h more 
efficarious m time of kfll, asmdicated in Fig. 
2L In the tests shown m Kg. 2, moreoveri 
ttenrum proved more efficacious than ahVer, 
and copper showed a remarkable efficacy for 
greater coiicentrations beyond the low<oncen- 
tration optimum. Other tested madiared metals 
that also shew this same substantially 1.5 x 
10"* grams/cc constant mH™fr the before- 
JtajT T^2t, Mo, Mn, Rn, Rh, Pd, Os, Ir, 
^^^^Pa,U,Hf,W,V,^Cd 

Other ultraviolet- irradiated inorganic 
chelate campounds (mciuding sunligbt- 
trradiated) with particulate heavy and transi- 
tion metal ions found to be boacnddal in 
water solution of the above-mentioned con- 
centration are alkaloidal sohmoce? (contaming 
bnidne, strychnine and cokfimine aE3l 
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70 



75 



80 
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havin g trace metals of copper and thaShmt 
These proved to be effective against each of 
achzridaa coti, staphytococau aurao end 
baallus subtilit. 
5 Among the h^Sng effects, befae-men- 
Tfrwd, is the unbelievably rapid redaction in 
bam histamino-type pain response, erythema 
and redness, and absence of blister, all effected 
with boo oil and water suspensions of each, 
10 for example, of the silver, gold, copper and, to 
a Ir^yr extent; r*** 1 " 1 ™ colloidal particulate 
metals before tested as bactericides. 

While an invention may be defined in teems 
of the process, produce, and results, it some- 
15 times aids in mH wtftw ^g to theorize as to 
the possible operation; though it is distinctly 
to be understood that the present inde ntion is 
not dependent upon theories, whether accurate 
ox tri p* * nratt» It appears likely, however, that 
20 the apparently universal nature of the bacteri- 
cidal substances of the invesBos (no bacteria 
yet toed has not been rapidly kflfrri) may re- 
side in the s u pply in g of appropriately small, 
tmclustercd and free heavy metal ions (prob- 
25 ably freed by the irradiation or otherwise 
shnilariy electrically charged tn prevent 
cmstering) that, by induced election rrrhange , 
effect a (probably a redaction), either 

catarytk&Uy or by r N rn ' rn ^ combination, in 
30 the mttaerilular oxygen and peroxides 
generated at or in the vicinity of the cell In 
the case of pathogenic organisms, this appears 
to debilitate and destroy the same. . 
Evidence of further universality has been 
35 ob tained in the efficacy of, far nrample, the 
sQver compounds of the invention, against virus 
fr jr fo as cow-pox and cold virus. 

Coocnzxendy, in the case of animal and 
frmwm cells, tins phenomenon also appears to 
40 control the n*tnhni?c ran? through the oxygen 
and peroxide control or ann^ozzdani activity or 
the like, possibly replacing such metal ions at 
the cells that may have been chemically com- 
bined or consumed by disease, radiation or 
45 other damage (or, in the case of prevention, 
that may subsecjuenrry be consumed, combined 
or rendered ineffective). It is an observable 
fact, however, that a type of healing and 
unusually rapid outwa rd growth of light pink 
50 tissue occurs, void of the usual sobbing and 
inward slow-healing provided by nature, m 
f j{c»aw4 t cot and damaged tissue treated with 
the sobstances of the irrvmtioa. It would appear 
that the substances of the invention, whether 
55 externally or systenicaDy applied, act within 
the enzymic system to improve cellular 
efficiency and H^Kng Differentiation in action 
upon strong and weak or diseased cells has 
been observed in the befose-mentioned pre- 
60 Kwimaiy cancer studies; it being plausible that 
either replacement of unsuhstrtnted carbon in 
bf ti r^^e ring ^ anw that are ffnpnnog^P 1 ^ 1 m 
the absence of such substitution, by the readily 
active freed or frce^rarhcai heavy metal ions in 
65 the compounds of the invention, or reconstitut- 



ing of the metabolic oxygen-control or snmlar 
process (or both), is an rp^^'"» for the 
observed phenomena. (See, for example, 
"Chemical Basis of Carcinogenic Activity 9 , 
G. M. Badger, 1967, p. 23). # 70 

Apart from the nobJe- metals, an mteiestjng 
observation appears to be, moreover, that the 
transiOQU metals above-listed can have a co- 
ordination or valence number 4, capable of 
electron transitions or resonances between the 75 
yp^nrt and third electron orbits. This may 
account fur the apparently universal 1.5 x 10~* 
constant previously discussed — the bacteria, 
all b*™g of substantially the same range of 
dimensions, perhaps being etarornechanically 80 
destroyed by such iwrillatinnv 

These compounds of the present invention, 
moreover, have been prelhrnnariiy found to 
assist rather stardingly in the slowing or in- 
habiting of certain processes associated with 85 
a geing ; specific ally, the font"" 1 "! appHcannsi 
on a dairy basis of an cal dispersion of particu- 
hre irradiated silver m the said optimum con- 
centration, as before disnssed, has been found 
to prevent comificarion of the skin in cases of 90 
ichthyosis wherein a rapid localized ageing 
rat™ place as a result of the rapid cefiular 
draft rate involved in coraiS canon of the 

skin. ... or 

Another element generally a virgin ted with » 
the agemg process is the development of 
wrinkles at* ampany ing the breakdown of the 
connective tissue layers of the skin, with result- 
ing loss of elasticity. Such breakdown has 
been observed to become halted through 100 
similar application of the said compounds of 
the invention. 

And, still grtftriwr example of a further 
element associated with the ageing process 
mat has been found to become obviated 105 
Through the application of the first-named 
water solution of the irradiated particulate 
silver (in the said optimum concentration), is 
nop- infective seborrhea of the scalp involving 
an acceleration of cellular Ath<rth rate. The use 110 
of such water solution has been found to result 
in the ™nAprf decrease in the index of cehrial 
activity. 

While, moreover, the optimum concentration 
effect shown in the drawing is obviously highly 115 
desirable from considerations of economy and 
possible toxicity, it does prevent continued 
efficacy upon substantial ctihrrion of the soh>- 
tion. For such purposes and others, accoroV 
ingry , the solutions may be substantially more 120 
co ventrated or p^^, as shown to the far 
right In Fig. 2 (and beyond), though the 
bactericidal and frying effects do not, nrrrpt 
in the case of the particular copper tests in- 
dicated, appear to eirrff* those obtainable with 125 
the r flfnirml optimum concentration (and in 
many cases, do not reach the same peak of 
performance). To permit such d Amino to the 
order of 1/100, without chopping the efneacy 
more than about 12%, a practical use cuncen- 130 
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tration of the heavy or transition metal ion- 
cheJate may seerningfy be from 10—15% (by 
weight) for a useful nuninwri'ai or c am omi c 
(dimmishiog marginal retain) range. 

5 Id the case of irradiated chHRtrs> their 
appear to be (reran res where the metal does 
not finffi firmly dissociate there from to contro l 
the above effects as the coOa'dal parti caiated 
free metal, and where efficacy increases with 

10 concentration on a substantially cantmual haa^ 
Cnrian*s io which the metal ion is of coordina- 
tion number 1 seem to fall within this cate- 
gory. For example, chelates of 
cuprous, silver and aureus compounds have 

15 shown highly jnrmred bactericidal kOl effects 
(against staphylococcus aureus, e. ccE and b. 
subtdis) with about a 4% coacencration. In- 
cluded in fop** irradiated g*yfatre (which do 
not appear to produce these results in the 

20 «framo» q| inadiatian) arc mwi ff nnv n * Co II, 
bis^thylenediambe An n, heaacyancsnangan- 
ate and hexachlororheniate, all of which have 
rTnrilrnt rarrmridal properties at this 4% 
concentration and above. 

25 WHAT WE CLAIM IS;— 

1. Bactericidal com posi fines comprising, as 
active ingredient, at least one nvml^ disper sed 
in a carrier solution non-reactive to the Him], 
the bulk of the metal present being of sub- 

30 stantially colloidal panicle s ire , and in which 
said metals are selected from Pt, Pd, Rh, Co, 
Rn,Os,Ir,Tb,Pr,Ce,Tb > Pa,U,Hf,W,V, 
Ke,Zn,Cd,H & Au,Ag s andlhe colloidal 
particles are in major proportion from 1CT* 

35 to 10"* cm. in size. 

2. A composition as Hai'mfH in nnfm 1 and 
in which the said particles have been pre- 
viously irradiated. 

3. A composition as daimed in Claim 1 
40 and in which the particles are substantially un- 

dustered in the said particulate farm. 

4. A opposition as HnimpH m Claim 3 and 
in which the particles are maintained in their 
imdnstered cemditioo by virtue of being eleo 

45 tricallv charged. 

5. A composition as HnimpH in Qaim 1 

in which the nrwrpnir ftyiwi is substan- 
tially 15 x 1CT* grams per cubic ctnnmetre. 

6. A com position as rfofmeA is Gains 2 and 
50 5 comprising silver in colloidal partidate form. 

7. A process for controlling the growth and 
proliferation of bacteria in living cells and 
tissue other than of Hitman^ winch comprises 
applying to a site in or on living cells or 

55 tissue and infested, or susceptible to infesta- 
tion, with bacteria at least one composition 

as t^snmrA ni f^ajr n 1. 

8. A process as claimed in Qaim 7 and 
in which the particles have been maintained 

60 undustered in the said colloidal form by 
irradiation, whereby the compos tion is as 
daimed in Claim 2, 

9. A process as Hninwl in Hatm 7 and m 
.•which the said applying step is periodically 

65 repeated until at least one of bacteria- and 



virus-killing, irritation- and discase-dssipatinn, 
heating, and mhihmng of a geing occurs. 

10. A process for coruroUing the growth 
and proliferation of bacteria in Iromg cells and 
tissue other than of humans, which mmpp^ 70 
applying to a sitemor on UvmgceQs and tissue 
and infested, or susceptible tn infestation, with 
bacteria at least one composition as claimed is 
Claims 2 and 5. 

11. A composition as efafm^ in cither 75 
of Claims 1 or 6 and in which the or 
metals are present in a rh^ar* formed with 

at least one alkaloid of the strychnine family 
or a reserpine alkaloid which is io pan dis- 
sociated into the metal or metals and the 80 
c hrinrmg compcamds. 

. 12. A c omp os i tion as daimed in n^m 1 m 
Qaim 6 wherein the metal or metals ait pre- 
sent in a chelate formed with at least one 
bxurine alkaloid. 85 

13. A composition as Ha?mpH m ciaun 11 
and in which said carrier 5s one suirabk for 
topical application. 

14. A composition as rb"nH in Qaim 11 
andm which said carrier is one suitable for 90 
systemic admmistrannn. 

15. A process for preparing a bactericidal 
composition comprising, as active mgrpdirnt, 
at least one metal selected from Pt, Pd, Rh, 
Q 1> Ru,Os,Ir,To > Pr,Ce,Th,Pa,U J Hf,W, 95 
V, Re, Zn, Cd, Hg, Au, or Ag suspended in 

a carrier solution nor>reactive to the 
the bulk of the metal present being in the 
form of colloidal partides in major proportion 
from MF* to I0r* cm in size: which com- 100 
prises suspending the colloidal particulate 
metal in a carrier nc^ reactive to the metal, 
adjusting the concentration of said mm l to 
substantially 1.5 x 10^ grams per cubic 
centimetre, and irradiating the suspended metal 105 
so as to produce a composition as HoimM in 
Claims 2 and 5. 

16. A process as Hnrmpd m Halm 15 and fa 
which said irradiating step is carried out by 
gamma-ray or X-ray radiation, the irradiation HO 
source being at about 13 microcuries. 

17. A process as claimed in Qaim 15 io 
which the composition produced is as claimed 
in Qaim 12. 

18. An irradiated chelate of a mrral zMrrm] 115 
from Pt, Pd, Rh, Cu, Rn, Os, Ir, To, Pr, Ce, 

Th, Pa, U, Hf, W, V, Re, Zn, Cd, Hg, An, 
Ag in aqueous sohition In winch the concen- 
tration of metal chelate ion is crf****^ from 
values of substantially IS x 10^ grams per 120 
cubic centimetre and the range of from 8.3% 
to 15%, based on the total weight of the 
sohition; which sohition contains colloidal par- 
tides, in major proportion from 10"* to IQ~* 
cm in size. 125 

19. Bactericidal compositions comprising, as 
active ingredient, at least one irradiated parti- 
culate heavy metal selected from the group 
c on sis ti n g of Hg, An, and Cu, in which mft ?l 

the average particle sue is in the range of from 130 



6 



1,274410 



10 — 0 to 10 - * an, and in wind) aimjarsiium 
die parrHf concentration is sHrftrri from 
values of sub stan tially U x 10"* grams per 
conic c e nt ime t re and the range of from sab- 
5 stantialJy 83% tn 15% by weight- 

20. CtHnpoaaans as claimed in Cbim 2 
rnmprismg, as acme ingredient, at least one 
metal as c l a imed in Q fli m 19. 

21. An irradiated particnlate as daimed in 
10 Qain 19 and in which the partirirs are 

coHoidally suy 1 ^ in a carrier non-reactive 
with the metal . 



22* Cttmpoations as ^meA in Qaim 18 
comprising, as active ingredient^ at least one 
meal as defined in Qahn 18 **rmhrrwd in a ■ 15 
non-reactive carrier. 
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